A review of an error assessment of local ce rebral blood flow values derived from xenon-enhanced computerized tomography imaging indicates that the au thors have failed to consider the appropriate parameters, Abbreviatio ns used: CT, Computerized tomography; lCBF, local cerebral blood flow; RMSD, root mean standard deviation. 133 thereby yielding errors that are larger than the true er rors, Key Words: Computerized tomography-Error as sessment-Local cerebral blood flow-Xenon, JC (1980) Accuracy of cerebral blood flow determinations using CT scanning and inhaled xenon.
In a recent pUblication, an attempt was made to "rigorously" assess the effect of tissue hetero geneity and computerized tomography (CT) noise on determination of local cerebral blood flow (lCBF) from time-dependent changes in xenon con centrations, as measured by CT imaging (Rotten berg et al., 1982) . The authors conclude that both the in vivo autoradiographic technique and multi ple-scan washin protocols yield "unacceptable and unpredictable" uncertainties in calculated values of ICBF. Their results indicated that tissue hetero geneities can cause errors > 50% in derived lCBF values. A review of the methodology used to esti mate these "unacceptable errors' " indicates that the authors made significant and fundamental errors in their basic assumptions. It is relatively easy to demonstrate that if these assumptions are cor rected, the errors associated with these techniques are considerably smaller than indicated by the au thors. This report addresses some of the more im portant problems we have identified with their arti cle: the reference flow used for error calculation (true weighted flow vs. gray flow); the choice of partition coefficient used in the flow calculations in a region of interest; the relationships of these choices to the optimal time of scanning after initiation of xenon inhalation; and the definition of CT noise used in the estimations of confidence intervals. A re-analysis of some of the authors' data is pre sented.
In order to assess the percent error due to tissue heterogeneity, the authors derive the following equation (Eq. 5 in the original publication):
where F/V g is the "true" blood flow and PlY is their "derived" blood flow. For some reason, they skip a step and claim that this relationship is equivalent to % Error = 100 (k g -k)/k g
while ignoring the fact that the relationship should read % Error = 100 (A g k g -.\k)/A g k g
It is obvious that if a function such as blood flow is derived through a product of two estimated pa rameters, f = FIV = H., and if one artificially maintains one of these parameters constant, allow ing only the other one to vary, the product will of necessity deviate from the expected value. To hold A constant is a naive assumption, given the fact that all other investigators utilizing this technique em-D. GUR ET AL.
phasize the importance of deriving both a partition coefficient (A) and a rate constant (k) for every tis sue volume investigated (Drayer et aI., 1980; Meyer et aI., 1980) . This has been considered one of the major advantages of this methodology in several publications (Gur et aI., 1981; Meyer et aI., 1981; Sakai et aI., 1981) . Unfortunately, the authors' analysis ignores an even more basic issue that leads to their large reported errors. Their Table 1 assumes that the error of lCBF values should be calculated in reference only to the fast flow component in the region of interest and not to the total true flow through the tissue. This is a bad assumption. If one considers the total flow through a heterogeneous tissue volume, it should be given by
where Wg represents the fraction of gray matter in the region of interest, and fg and f w are the flows through the gray and white matter, respectively. If a single flow estimate is then derived for this region assuming homogeneous composition, the errors should be calculated as follows:
where Ak: is the estimated flow through the tissue based on a monocompartmental assumption. Re sults for re-analyses of the original In addition, if one corrects for a tissue specific partition coefficient, the deviation of such an estimate from the expected value provides an indication as to the magnitude of the systematic error in the derived ICBF value. When error contribution due to CT noise is as sessed, some considerations must be given to the fact that the root mean standard deviation (RMSD) is a measure of tissue heterogeneity (whether true or derived) rather than that of how machine stability or reproducibility influences uncertainties in de rived ICBF values. As an exaggerated example, let us consider the case of a region of interest which contains 50% bone and 50% soft tissue. Here, the RMSD will be very large, yet the results of repeated scans of the same slice will show that the repro ducibility of the average CT number for this region will be significantly better than RMSD/V:V would indicate. Let us reemphasize that one should con sider the fact that there are two major components ' Rottenberg et aI, (1982) to RMSD. One is the CT noise and the other is the heterogeneity of the tissue investigated. As one in creases the number of voxels within a region of interest, and especially in areas of heterogeneous tissue, the second component will increase, but will have little effect on the reproducibility of the aver age CT number within the chosen region of interest. Although the authors claim to have performed a "rigorous error analysis," they have failed to con sider this factor among others (i.e., optimization of time of scanning, acquisition of more than one baseline). In determination of average flow values within larger heterogeneous tissue volumes, the cal culated flows within smaller regions should be aver aged, rather than using the average enhancement for the large tissue volume.
gil'en in parentheses
As an aside, Fig. 1 in the original article demon strates the theoretical end-tidal xenon concentra tion and CT enhancement within a heterogeneous brain region. The ordinate is given in arbitrary units, but it must be emphasized that the end-tidal curve (dashed line) is given on a different scale of arbitrary units, since it is impossible for a tissue component with a partition coefficient of < 1 and a fraction of 0.75 to cross this line.
If the errors associated with this technique are as severe as presented in the article in question, then it would not have been possible to demonstrate, with acceptable reproducibility, alteration of ICBF with relatively minor stimuli such as LlPaC02 of 6-8 mm Hg or more basic differences of ICBF (i.e., fg /fw ) between gray and white matter that agree very well with other published data (Drayer et al., 1980; Meyer et al., 1980; Gur et al., 1982) . One must re member that systematic and random errors are also associated with all other methods for estimating CBF values. For example, in most cases, the two compartmental models for estimating regional CBF (rCBF) from xenon-133 measurements is dependent on a theoretically derived partition coefficient. An error in this estimated parameter will yield a sys tematic error in derived rCBF values.
In summary, many investigators are concerned with the errors associated with routine clinical use of these methodologies in awake patients, and much refinement and optimization is still needed (Wong et al., 1980; Ip, 1981; Meyer et al., 1981; Good et al., 1982; Shabason et al., 1982) . Several reports on the assessment of errors and reproducibility of the re sults obtainable by this method have been pub lished, and additional investigations are being per formed in several institutions, including multivariable Gur et al., 1982) and multi compartmental (lp 1981; Obrist, personal com munication) analyses. However, the analysis pre sented in the report in question suggests that caveat emptor should be viewed with caution.
